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Systolic time intervals in chronic severe anaemia
and effect of diuretic and digitalis
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SUMMARY Systolic time intervals were measured from simultaneous high speed recordings of the
electrocardiogram, phonocardiogram, and carotid artery pulse in 15 men with chronic severe anaemia
not in heart failure and with a normal heart size, and in 15 normal men. Heart rates, electromechanical
systole (QS2), pre-ejection period index (PEPI), left ventricular ejection time index (LVETI), and
the ratio ofpre-ejection period to left ventricular ejection time (PEP/LVET) did not differ significantly
in the two groups.

After the intravenous administration of frusemide in 10 of the anaemic patients, the pre-ejection
period index was prolonged, the PEP/LVET ratio increased, heart rate increased, and the left
ventricular ejection time index shortened. Intravenous digoxin did not alter the QS2 interval and heart
rate significantly in the anaemic subjects. Left ventricular function in chronic severe anaemia as

measured by systolic time intervals does not differ from that of normal controls. The effect of
frusemide on the systolic time intervals is explained as an effect of the fall in preload, bringing cardiac
function further down on the ascending limb of the Frank-Starling curve. Other related studies are
discussed.

Systolic time intervals, as measures of left ventricular
performance, have been widely used.12 Alterations
have been noted not only in heart failure,3 but also in
the absence of clinical heart failure in subjects with
diabetes mellitus,4 chronic alcoholism,5 and chronic
severe anaemia.67 The findings in anaemia, however,
have been conflicting, and this study was therefore
undertaken to repeat them.

Subjects and methods

The study was conducted in a group of 15 men with
chronic severe anaemia (haemoglobin less than 4 g/100
ml) caused by hookworm infestation, and in a control
group of 15 normal men (haemoglobin more than 13
g/100 ml).
The subjects studied underwent a complete clinical

examination to rule out any other relevant disease.
The systolic time intervals were measured from a

simultaneous recording of the electrocardiogram,
phonocardiogram, and carotid artery pulse tracing on a
multichannel direct writing machine (Siemens Mingo-
graf Cardirex 6T) at a paper speed of 100 mm per
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second. The recordings were taken in the basal post-
absorptive state between 9 and 11 am. All patients had
a normal heart size on the chest x-ray film. None had
congestive heart failure or evidence of atrioventricular
or intraventricular conduction defects. All were in sinus
rhythm.
The electrocardiographic lead II was used since this

showed the onset of ventricular depolarisation clearly
in all cases.
The phonocardiogram was recorded with a piezo-

electric crystal microphone (EMI 25, Elema-
Schonander) over the praecordium in a position optimal
for recording the first high frequency vibrations of the
second heart sound.
The carotid arterial pulse tracing was recorded over

the right carotid artery in held expiration with an
infraton pulse receptor (EMT 439 R Elema-
Schonander). The device was held in place manually
and the tracing watched on an oscilloscope, the record-
ing being taken only when the carotid notch was clearly
evident.

In 10 of the patients with anaemia, after the basal
records were obtained, frusemide 80 mg was given
intravenously. After two hours the amount of urine
passed was noted and the recordings were repeated.
During this period the patient was at rest.
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In six of these patients the recordings were repeated
after an interval oftwo days and digoxin 1 mg was then
given intravenously. The recordings were repeated an

hour later, the patient being monitored on an oscillo-
scope meanwhile.
The following intervals were measured directly.
(1) Total electromechanical systolic interval

(QS2)-from the onset of the Q wave to the first high
frequency vibrations of the second heart sound.

(2) The left ventricular ejection time-from the
beginning of the upstroke of the carotid pulse to the
trough of the incisura.

(3) The RR interval, for heart rate.
The pre-ejection phase was calculated by subtracting

the left ventricular ejection time from QS2.
The ratio of PEP/LVET was calculated from the

above values. The measurements were made on 10
consecutive beats and the mean was taken. The pre-

ejection period and left ventricular ejection time were
corrected for heart rate using the regression equation of
Weissler et al.3 and the suffix (I) identifies these derived
indices.

Statistically significant differences between control
and anaemic subjects were assessed by Student's t test,
but those in the anaemic subjects before and after
frusemide and digoxin were assessed by the paired t
test. The conventional level of significance (p<005)
was used.

Results

Table 1 compares the observations made in the control
group with those in the anaemic group. No significant
differences were observed in the heart rate, QS2 pre-

ejection period index, left ventricular ejection time
index, and PEP/LVET ratio. The anaemic subjects
were older than the controls but age has no influence on
the pre-ejection phase and left ventricular ejection time
corrected for heart rate.89

Beat to beat variability was evaluated by comparing

the pre-ejection period in a random beat with the mean
pre-ejection period of 10 beats, in 10 patients. This
variability was not significant statistically. We have
previously established in our laboratory that measure-
ments of the effects of such variability on systolic time
intervals do not differ in statistical significance from
others in the same subject when done under basal
conditions on different days (unpublished data).
Further evidence of the accuracy of our measurements
is afforded by their return to previous basal values two
to three days after the administration ofthe diuretic.

After the administration offrusemide, we observed a
very highly significant prolongation of the pre-ejection
period index and PEP/LVET ratio (p<0001), a highly
significant shortening of left ventricular ejection time
index (p<001), and a significant increase in heart rate
(p<0 O5) (Table 2). The volume ofurine passed by the
patients in the two hours after frusemide ranged from
600 to 750 ml.

In six of the patients to whom digoxin was given,
there were no significant changes in QS2, left ven-
tricular ejection time index, pre-ejection period index,
PEP/LVET ratio, and heart rate (Table 3).

Discussion

Systolic time intervals are accepted as measures of left
ventricular contractility and pump function.3 The pre-
ejection period, in particular, has been shown to have a
significant correlation with internally measured left
ventricular dP/dt and with other indices of left ven-
tricular performance such as cardiac index, stroke
volume index, left ventricular end-diastolic pressure,
and ejection fraction. '° The occurrence of left
ventricular failure in chronic severe anaemia is still a
matter for controversy. Some cases of congestive heart
failure in uncomplicated anaemia have been repor-
ted," 12 but these have been clinical descriptions
unsupported by haemodynamic data.

Guleria and co-workers"3 undertook pulmonary

Table 1 Comparison ofdata in control and anaemic subjects

Group No. of Age Haemwglobin Heart QS2 LVET LVETI PEP PEPI PEPILVET
subjects (y) g/lOOml rate/min (ms) (ms) (ms) (ms) (ms)

1 Control 15 Mean 24-13 13-60 78-0 367-77 277-93 410-08 89-83 121-13 0 33
subjects SD+ 4 70 0-63 12-78 30-78 33 95 24-89 8-24 10 05 0-067

SE± 1-21 0-16 3-29 7 95 8-77 6-42 2-13 2-59 0-017
2 Anaemic 15 Mean 40 47 3-17 77-13 384-21 295-74 426-73 88-47 120-29 0 30

subjects SD± 14-29 0 79 20-62 53-27 41-48 24-29 19-36 12-83 0-064
SE± 3-69 0-20 5-33 13-75 10-72 6-28 5.00 3-32 0-017

Comparison groups 1
and 2 (Student's t test)'p' value<0O01 <0 001 >0 05 >0 05 >0 05 >0 05 >0 05 >0 05 >0 05

Significance Highly Very highly NS NS NS NS NS NS NS
significant significant

Abbreviations as in text.
NS, not significant.
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Table 2 Effect of80 mgfrusemide intravenously on systolic time intervals in anaemic subjects

No. of Heart LVETI PEPI PEPILVET
subjects ratelmin (ms) (ms)

Before frusemide 10 Mean 71-70 423-90 125-40 0-325
SD+ 16-32 26-79 12-54 0-059
SE± 5-16 8-47 3-97 0 019

After frusemide 10 Mean 81-60 397 50 148-60 0 454
SD± 17-00 18-81 14-47 0-092
SE± 5-38 5 95 4-58 0-029

Comparing data before and
after(pairedttest) t 3-19 3-45 8-39 6-190

p <0*05 <0 01 <0 001 <0 001
Significance Significant Highly Very highly Very highly

significant significant significant

Abbreviations as in text.

Table 3 Effect of I mg digoxin intravenously on systolic time intervals in anaemic subjects

No. of Heart QS2 I LVETI PEPI PEPILVET
subjects rate/ml (ms) (ms) (ms)

Before digoxin 6 Mean 71 5 544 06 419-30 125 70 0-326
SD± 7 15 33-82 26 85 15 93 0.050
SE± 2-92 13 81 10-96 6-50 0-020

After digoxin 6 Mean 77-5 526-60 402-60 122 30 0-344
SD± 13 97 3011 24-33 9-28 0-032
SE± 5 70 1229 9.93 3-79 0015

Comparing data before t value 1 55 0.99 0-828 0 575 0-648
and after (paired t test) p value >0 05 >0.05 >0 05 >0 05 >0 05

Significance NS NS NS NS INS

Abbreviations as in text.
NS, not significant.

function studies in patients with severe anaemia and
found an increase in pulmonary capillary blood volume.
This they interpreted as being the result of pulmonary
congestion caused by heart failure but the rise was not
statistically significant. Moreover, Rankin et al. 4 have
reported decreased pulmonary capillary blood volume
in chronic anaemia.
The concept of non-cardiac circulatory congestion

has been postulated by Eichna et al.II and Eichna,'6
who suggested that both systemic and pulmonary
vascular congestion may arise on a non-cardiac basis to
produce a clinical syndrome that closely simulates con-
gestive heart failure.
Our data conclusively show that there is no left

ventricular dysfunction in uncomplicated severe
anaemia that can be shown by measurement of systolic
time intervals. The response to the intravenous
administration of frusemide further supports this con-
tention. The pronounced prolongation of the pre-ejec-
tion period index and increase inPEP/LVET ratio after
this drug shows that the heart was performing normally
beforehand and was on the ascending limb of the
Frank-Starling curve. Prolongation of the pre-ejection
period, reduction in left ventricular ejection time, and
increase in PEP/LVET ratio are known to occur with

heart failure.3 If subclinical heart failure had been
present one would have expected an improvement of
left ventricular function after the diuresis, manifested
by shortening ofthe pre-ejection period. The reduction
in blood volume consequent upon the diuresis must
have decreased the filling pressures and the compensa-
tory mechanisms that maintained the cardiac output.
That right sided filling pressure may fall drastically
with frusemide has been shown by us'7 in a more recent
study on comparable anaemic subjects.

In heart failure, after digoxin administration, there is
shortening of all the systolic time intervals, the effect
being more obvious than in normals.'8 The effect on
theQ2 intervafis perhaps the most consistent ofthese
changes and was not observed in our six patients.

Abdullah and co-workers7 also found no significant
differences in systolic time intervals in patients with
moderate anaemia without congestive heart failure
when compared with normal controls. We have no
explanation to offer for the contrary observations of
Manchanda and co-workers,6 reporting on severely
anaemic subjects, who found prolongation of the pre-
ejection period alone in the presence of a normal ejec-
tion time index, since it has been shown that in heart
failure total electromechanical systole is unchanged, a
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prolonged pre-ejection period being associated with a
shortened left ventricular ejection time.3 Certainly, in
diabetics and chronic alcoholic subjects, subclinical left
ventricular dysfunction has been accompanied by such
findings.45

In chronic severe anaemia the haemodynamic
changes are likely to be those associated with enhanced
rather than reduced ventricular function. Animal
studies have shown a significant increase in contractility
in dogs with dextran-induced normovolaemic
anaemia'9 and a shortened pre-ejection period with an
increased left ventricular ejection time have been shown
in patients with chronic severe anaemia,' the latter
change being thought to be the consequence of raised
stroke volume. Our results, though not showing in-
creased contractility, conclusively indicate that sub-
clinical left ventricular failure does not occur in chronic
severe anaemia.
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